In 1955 Ball (1) published a report in which he demonstrated that the growth of various tissue cultures upon media containing certain oligosaccharides resulted in the appearance of the hydrolysis products of these sugars in the medium. Ball speculated that the appearance of these hydrolysis products was due to the uptake of the oligosaccharide, hydrolysis within the tissue cells, and a subsequent release of the smaller molecules into the medium. Epp (8) 
In 1955 Ball (1) published a report in which he demonstrated that the growth of various tissue cultures upon media containing certain oligosaccharides resulted in the appearance of the hydrolysis products of these sugars in the medium. Ball speculated that the appearance of these hydrolysis products was due to the uptake of the oligosaccharide, hydrolysis within the tissue cells, and a subsequent release of the smaller molecules into the medium. Epp (8) reinvestigated certain aspects of this problem utilizing tissue cultures derivedl from Cutpressuis fitnebris and a larger number of oligosacclharides. His findings were in general agreement with those of Ball. Hiowever, Epp obtained some preliminary evidence to indicate that the appearance in the medium of the hydrolysis products of some of the complex sugars was not necessarilv the result of the mechanism proposed by Ball. Instead he hypothesized that the hydrolysis may be the result of carbohydrase activity either (-en the cell surface or in the medlium itself because of the release of these enzymes by the tissue.
Burstrom (4, 5, 6) demonstrated that excised roots hydrolyze sucrose in liquid media. Street and Lowe (20) indicated that excised tomato roots take up the glucose moiety of sucrose by a phosphorylating reaction at the cell surface which results in the splitting of sucrose, an uptake of glucose probably as a phosphate ester, and a retention of fructose in the medium. Myrback and Willstaedt (13) , among others, have showxn that invertase is bound to the cell wall in yeast, most probably outside the plasma membrane. Putman and Hassid (16) produced evidence which strongly indicates that invertase is localized in the cell walls or interstices of the cell walls of leaves of Canna indica. More recently, Kivilaan, et al. (9) reported on the presence of several enzymes including invertase in cell wall preparations of corn coleoptiles.
In the present report, evidence is produced to show the widespread occurrence of invertase in cell wall fractions of plant tissue cultures. R Received Nov. 4, 1961. 2 This inivestigation was supported by PHS grant RG-7291, division of General Medical Sciences, Public Health Service.
Materials & Methods
All of the tissue cultures utilizedl in this investig,ation. except for the corn endosperm tissues were routinely grown on XVhite's medium supplemente(d w-ith coconut water (20 % v ) and 2,4-dichlorophenoxvacetic acid (2 mg/1). The endosperm tissues were grown on WVhite's medium containing asparagine (2 g,1) (19) . All tissues were processed between 25 and(l 32 days after transfer. The consisting of reaction mixtures minus CW were always run at pH 2.6. Reducing sugar values obtained from these controls were subtracted from those reaction mixtures containing CW. The values expressed in the tables and in figure 1 are the corrected ones.
The optimum pH appears to be about 4.6. However, Cupressus has an additional optimum at pH 3.8. Pyrus and Libocedrus also have an additional optimum at pH 3.4. Ward (22) found pH 4.5 to be the optimum for invertase activity of wheat seedling leaves. The optimum pH for yeast invertase appears to have a range from 4 to 5 (15) .
There are large differences in invertase activity in the different tissue cultures. In table II is shown the The great variation in invertase activity among the different tissues and the complete absence of it in M-222 suggested the possibility that the cytoplasm may contain the enzyme in various amounts and perhaps in the case of M-222 and H-239 the cytoplasm may contain considerable invertase. Therefore, the cytoplasmic fractions prepared as described above were tested for activity. The total reducing activity of these preparations was determined before and after incubation with sucrose. The increase in reducing activity was attributed to invertase activity (table   III) .
From the data in table III, it is apparent that four of the ten tissues tested in this experiment exhibited no cytoplasmic invertase activity at all. The highest cytoplasmic activity, accounting for approximately 22 % of the whole homogenate, was found in PI-R. A surprising fact brought out by these data is the complete lack of activity in M-222.
Because of the presence of invertase activity in the cytoplasmic fraction of some of the tissue cultures, the question arose as to whether these tissues contain sucrose. Extracts of Libocedrus, Cupressus, and the three endosperm tissues were chromatographed. All five tissues contained sucrose. While
Reaction was run at pH 4.6. pH-Activity curve was run for these tissues, but no activity could be detected at any pH. Appropriate quantities of CW were suspended in 20 ml of a solution containing 5 X 10-3 M cysteine, 5 X 10-3 M EDTA, and 0.05 M phosphate buffer (pH 6.2). The cysteine was needed to activate the papain and the EDTA was added to obtain maximum activity of the enzyme. The 20 ml suspension was divided into two 10 ml aliquots. To one of these was added 0.2 ml of a papain suspension (Worthington, crystallized 2 X). Toluene (1 ml) was added as an antiseptic to each aliquot and the suspensions incubated at room temperature. At the end of 1 week, the CWV were centrifuged down and the supernatants saved. The CW of each reaction mixture were resuspended in sufficient water to make 10 ml. Both the supernatants and the CW were then tested for invertase activity in the usual manner (summarized in table V).
Myrbiick and his associates found that papain does not have any deleterious effects on yeast invertase. Burstrom (6) also tested UO, + + for inhibition effects of the sucrose inverting capacity of excised roots.
He could not obtain any effects at concentrationis up to 10-4 -i. According to his data, however, concentrations of UO+ + of 10-3 M induced about a 60 fjo inhibition. In the present investigation, uranyl ioIns were tested on Cupressus and P1-C CW at concentrations ranging fromii 10-5 -I to 10-4 1I.
Since phosphate (7) , citrate (7) and acetate (12) \-ere reported to prevent the action of UO.. + +, all reagents and CWV were adljusted to pH 4.6 with KOH or HCI. Uranyl nitrate was used as the s-ource of UO.++. The curves in figure 2 represent the data obtained from this experimiient. The concentration whiclh caused about 50 c,% inlhibitionv witlh both tissues was approximately 8 X 10-\. To judge from the curves in the paper by Demis, et al. (7), the 50 % inhibition for yeast invertase was also attaine(d at approximately 8 X 10-M UO2+ +. Myrback and \Villstaedt (12) 9.5 11.1 11.9 -Cell wall preparations (CXV).
sugar. If the reaction had occurred within the cvtoplasmii, then one would expect to be able to detect raffinose and melibiose in the extracts of the tissues since this wsould imply uptake of the raffinose, hydrolysis within the cell, and release of the products into the medium as postulated by Ball (1). Thus, it seems reasonable to conclude that the hydrolysis occurred outside the cytoplasm of the cell.
The total nitrogen content of several CW preparations was determined to see if there was a relationship between invertase activity and nitrogen content. Three tissues were utilized: Cupressus which has a moderately high activity; P1-C, a tissue of medium activity, and H-196, a tissue of low activity. In table VI is summarized the data. The nitrogen content of the CW preparations does not differ very greatly, but there are large differences in invertase activity. That there is no relationship between total nitrogen content and enzyme activity is not surprising since there are reports of the presence of several different enzymes in CW (3, 9, 10, 14, 16) . No doubt structural protein is also present.
Discussion
The results of this investigation indicate that there is a sucrose-hydrolyzing system which is rather generally confined to the cell walls of tissue cultures. Evidence is presented which shows that this system is most probably invertase. Such activity differs quantitatively from species to species and strain to strain (as it applies to tissue cultures). Of It must be admitted that completely unequivocal proof has not been presented to support the idea that the enzyme is confined to the cell wall. in this connection it should be mentioned that WVard (22) studied some of the properties of invertase in the ex- Together these facts point to the reasonable assumption that the hydrolysis occurred outside the plasmalemma. From this and other evidence presented in this report one is led to conclude that invertase is largely confined to the cell walls of these tissue cultures. There are also increasing numbers of reports which attest to the presence of enzymes in cell walls (3, pectin methylesterase; 9, invertase, and adenosine triphosphatase, UDPG-pyrophosphorylase, inorganic pyrophosphorylase and a-glycerophosphatase; 10, acid phosphatase; 14, ascorbic acid oxidase; 16, invertase).
Several interesting observations aside from the presence of invertase in cell walls can be drawn from the data presented in this report. Of the three endosperm tissues studied, two were derived from the original purple strain (P1). These arose spontaneously in cultures of the purple tissue and were readily distinguished by the lack of pigment in one (P1-C) and the presence of a red pigment in the other one (Pl-R) (18 
